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study (A9001140). 1.0mm coronal 3 Tesla FLASHwe MR images
were acquired at 7 imaging centres at baseline and at 2 years.
The images were processed by 7 readers with >3 years of
regular experience in cartilage segmentation. Segmentation of the
medial (MT) and lateral tibial (LT), and the medial (cMF) and
lateral weight-bearing femoral condyle (cLF) was performed in
pairs (0 and 2y) ﬁrst, with blinding to the order of acquisition.
Six months later, the images were processed again by the same
reader with blinding to order, but this time on different days and
independent of each other. Quality control of the paired readings
was performed in one session, but for the independent analysis in
different sessions. Cartilage thickness over the entire subchondral
bone area (ThCtAB) was computed in 5 subregions of MT and
LT, and in 3 subregions of the cMF and cLF, respectively, using
custom software (Chondrometrics GmbH, Ainring, Germany).
Results: In MT, the mean change (MC%) and standardized re-
sponse mean (SRM = MC/SD of change) was generally greater for
the paired than for independent analysis, except for the external
and anterior subregions.
In cMF, in contrast, the MC% and SRM was generally greater for
the independent than for the paired analysis (Table 1). When using
aggregate values of MT and cMF (MFTC), the rate and sensitivity
to change were similar for both approaches (Table 1). In LT, the
SRM for paired analysis (-0.42) was greater than for independent
analysis (-0.29). In cLF, no relevant change was detected with
either approach.
Table 1. Mean change (MC%) and standardized response mean (SRM) in carti-
lage thickness (ThCtAB) over 2 years
Paired Analysis Independent Analysis
MC % SRM p-value MC % SRM p-value
MT -1.6 -0.39 0.004 -1.5 -0.27 0.048
cMT -2.5 -0.40 0.003 -1.4 -0.18 0.183
eMT -4.0 -0.40 0.003 -5.3 -0.41 0.003
iMT -1.1 -0.27 0.042 -0.1 -0.02 0.907
aMT -1.0 -0.16 0.216 -2.0 -0.21 0.117
pMT -0.1 -0.02 0.877 0.8 0.13 0.313
cMF -1.3 -0.15 0.251 -2.5 -0.23 0.091
ccMF -2.2 -0.2 0.131 -4.2 -0.27 0.042
ecMF -1.5 -0.11 0.404 -1.9 -0.13 0.316
icMF -0.3 -0.06 0.652 -1.4 -0.14 0.278
MFTC -1.5 -0.26 0.056 -2.0 -0.29 0.033
cMFTC -2.4 -0.32 0.016 -2.7 -0.31 0.020
c = central; e = external; i = internal; a = anterior; p = posterior subregions.
Conclusions: The results show contradictory results in the tibiae
(superiority of paired analysis) and in cMF (superiority of inde-
pendent analysis). A potential reason may be greater difﬁculty in
identifying the margins of the tibia, compared with the weight-
bearing femur, where the region of interest is deﬁned based on
the trochlear notch and the posterior ends of the condyles. Paired
analysis may thus result in greater consistency in deﬁning the tib-
ial cartilage region of interest. Also, the good performance of the
independent analysis has to be viewed in context of the long ex-
perience of the readers in cartilage segmentation and a thorough
QC process.
Abstract 415 – Table 1. Results: Uptake of the 18F-Misonidazole was not speciﬁcally localized to the region of OA
Parameter Medial Tibial Plateau Lateral Tibial Plateau
MRI: Gd-DTPA kel [Elimination Rate, 1/min] 0.003±0.03 0.006±0.02 (n=5)
MRI: Gd-DTPA Akep [1/min] 1.20±0.45 1.45±0.39 (n=5)
MRI: Albumin-[Gd-DTPA]35 Permeability Surface Area 5.9E-4±1.6E-4 9.7E-4±1.9-4 (n=6)
μPET: 18F-Fluoride Relative Blood Flow (Ki; Patlak) 16.7±2.6% (n=4)
Lateral/Medial Ratio (n=4)
μPET: 18F-Fluoride Standard Uptake Value (SUV) 15.3±3.1% (n=4)
Lateral/Medial Ratio (n=4)
415
MRI AND PET PERFUSION KINETICS IN ADVANCED
OSTEOARTHRITIS OF THE DUNKIN-HARTLEY GUINEA PIG
J.P. Dyke1, M. Synan1, D.M. Ciombor2,3, R.K. Aaron2,3
1Citigroup BioMed. Imaging Ctr., Weill Cornell Med. Coll., New
York, NY; 2Dept. of Orthopaedics, Brown Med. Sch., Providence,
RI; 3Ctr. for Restorative and Regenerative Med. at the Providence
VA Med. Ctr., Providence, RI
Purpose: The assessment of bone perfusion is important in a
variety of conditions including pathophysiology of OA, benign and
malignant bone neoplasms, avascular necrosis, the viability of
the femoral head after intracapsular fractures, infections, fracture
healing and non-unions. Additionally, assessment of perfusion may
be of signiﬁcance in characterizing synovial activity in arthritis. We
have used contrast-enhanced MRI and 18F PET together with
pharmacokinetic modeling to non-invasively characterize bone
perfusion and extract kinetic information on blood ﬂow, capillary
permeability and as bone turnover.
Methods: MRI and μPET studies were acquired in Dunkin-Hartley
guinea pigs (n=6, 18 mos old) with established OA. Dynamic con-
trast enhanced (DCE) MRI studies used a 3.0 Tesla GE MRI
scanner with a 2D T1-weighted fast spoiled gradient echo se-
quence. Gadolinium (Gd-DTPA) was administered at 0.3 mmol/kg
and Albumin-[Gd-DTPA] was injected at 0.03 mmol/kg. Dynamic
PET studies were acquired on a Siemens/CTI Concorde Focus
220 μPET scanner for 60 minutes. Attenuation correction and ROI
placement used high resolution CT scans on a clinical GE Discov-
ery PET/CT scanner. 18F-Fluoride (NaF) was given at an activity
of 1.4 mCi/kg. Analysis of the DCE-MRI data ﬁt the time intensity
curves with the Brix pharmacokinetic model yielding estimates of
A, kep and kel. Albumin-[Gd-DTPA] data was analyzed to obtain
the permeability surface area product using a Patlak estimation
method with an arterial input function taken from the popliteal
artery. Relative blood ﬂow was estimated from 18F-Fluoride data
using the Patlak method. The standard uptake value (SUV) was
calculated to estimate metabolic activity and bone turnover at 60
minutes post-injection.
Results: Figure 1 shows a representative time intensity curve
of Gd-DTPA contrast uptake in the lateral tibial plateau allowing
visualization of both in-ﬂow and washout characteristics. Figure 2
displays anatomical CT and metabolic 18F-Fluoride PET images
with a region of greater uptake visible on the medial plateau.
Figure 1
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Figure 2
Table 1 summarizes measurements of bone blood ﬂow, capillary
permeability and contrast kinetics with MRI and PET.
Conclusions: Techniques have been developed to non-invasively
assess spatially varying regions of capillary permeability, blood
ﬂow and contrast uptake in arthritic bone. We have seen spatially
localized changes in (kel) during disease progression with younger
animals in previous data. Average decreased relative blood ﬂow
(Ki) and bone turnover (SUV) were seen in the medial compared to
the lateral side with 18F-Fluoride PET imaging. However, signiﬁcant
asymmetrical changes were not observed in permeability, Akep or
kel between the medial and lateral tibial plateau for this single
time point of advanced OA suggesting that pathological lesions
of the bone observed in OA are associated with disturbances in
bone vascular perfusion. Development of non-invasive spatially
localized techniques that will aid in quantifying serial changes in
speciﬁc regions of perfusion abnormalities will be of clinical utility
in studying pathogenesis, and monitoring disease progression and
response to treatment.
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Purpose: The absence of a biomarker for detection and monitor-
ing of knee osteoarthritis (OA) is a fundamental obstacle to the
development of structure-modifying interventions. However, tibial
subchondral dual x-ray absorptiometry (tsDXA) has potential to
meet this need. DXA generates reproducible measures of knee
bone mineral density (BMD), involves low radiation, is easy to
operate, relatively inexpensive and widely available. Some tsDXA
measures reﬂect knee OA, may predict progression, and are re-
sponsive to reduction in mechanical loading. However, in addition
to requiring further validation, different formulations of the tibial
subchondral BMD (tsBMD) computation may reﬂect different pro-
cesses. Our objective was to contrast the associations of different
tsBMD computations with demographic covariates and structural
features of knee OA - medial joint space narrowing (JSN) and
knee alignment.
Methods: This was a cross-sectional analysis of right knee of
226 enrollees into the Osteoarthritis Initiative (OAI) Bone Ancillary
Study, who received standardized semiﬂexed knee radiography
and tsDXA. Medial JSN (0-2) and osteophytosis (0-1) was scored
on parent study (OAI) baseline images. A goniometer was used to
evaluate static alignment on OAI baseline physical exam. Normal
alignment was 0 degrees, valgus was <0 and varus was >0.
Knee and femoral neck DXAs were obtained at either the OAI 30
or 36 month follow-up visit. We computed tsBMD from the tibial
subchondral bone: absolute medial tibial BMD; medial tibial:lateral
tibial ratio; medial proximal tibial:medial tibial ratio.
Results: The mean age was 65.3 years (s.d. 9.0), 46.5% were
male, 73.5% White, mean BMI was 29.9 kg m-2 (s.d. 5.1); 25.7%
had varus deformity, 38.9% had radiographic medial tibiofemoral
JSN of grade 1 or 2 and 84.5% had osteophytosis.
The mean (s.d.) values for the tsBMD measures in the sample
were: absolute medial 1.16 (0.21); medial:lateral ratio 1.13 (s.d.
0.15); medial:medial ratio 1.14 (s.d. 0.04). The associations of the
tsBMD measures with structural features of OA and participant
characteristics are presented in the table.
All tsBMD measures were positively associated with the highest
grade of medial JSN, a hallmark of knee OA. Further, all tsBMD
measures were also associated with varus alignment. Higher
absolute medial BMD was associated with younger age, male
sex, greater BMI, and systemic BMD. Higher medial:lateral BMD
ratio was associated with male sex and white race. Higher me-
dial:medial BMD ratio was associated with older age, lower BMI,
and lower systemic BMD.
Associations of tsBMD
Absolute BMD BMD Ratios
Medial BMD (g/cm2) Medial:Lateral Medial:Medial
Beta p-value Beta p-value Beta p-value
Medial JSN grade 0
(Ref) – – – – – –
Medial JSN grade 1 0.05 0.1 0.09 <0.0001 0.02 0.002
Medial JSN grade 2 0.21 <0.0001 0.21 <0.0001 0.05 <0.0001
Varus 0.11 0.01 0.09 0.003 0.02 0.04
Normal (Ref) – – – – – –
Valgus 0.04 0.3 -0.04 0.1 0.009 0.2
Age -0.006 <0.0001 0.001 0.4 0.0007 0.009
Sex (Male) 0.18 <0.0001 0.05 0.02 0.004 0.4
Race (White) -0.01 0.7 0.06 0.01 0.006 0.3
BMI 0.02 <0.0001 0.002 0.4 -0.0009 0.05
Femoral Neck BMD 0.88 <0.0001 0.05 0.4 -0.04 0.01
Conclusions: Each measure of tsBMD is associated with me-
dial JSN and with varus malalignment, suggesting that these are
meaningful measures of knee OA. However, each is also asso-
ciated with a different established risk factor of knee OA in the
expected direction, absolute medial BMD with BMI, medial:lateral
ratio with White race, and medial:medial ratio with age, suggest-
ing that each measure might reﬂect a different process occurring
in medial tibiofemoral knee OA. Absolute medial BMD and the
medial:medial ratio are associated with systemic BMD in opposite
directions. Further work is needed to evaluate the longitudinal
relationships of these measures with knee OA risk factors and
with the development and progression of knee OA. Nevertheless,
these results indicate the promise of this technique as a biomarker
for knee OA.
